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Abstract

Introduction

Animal species, meat ingredient properties, comminution
equipment, mechanical action, product composition, type and
level of non-meat ingredients, and thermal processing greatly
affect the structural and organoleptic properties of meat prcxl.ucts.
However, additional research in the area of restructured meat
products, meat protein functionality and lipid properties in meat
products remains to be done. The interaction of meat proteins
with lipids, water and ions should be further investigated. Considerable control of raw materials, mechanical action and heat
processing is essential to make res~arc.:h applicable to proJuct
and process development.

Meat processing affects meat microstructure. However, meat
processing is a very complex and diverse technology for modifying properties of meat to fulfill perceived needs of consumers.
Meat products may be affected by properties of the meat, method
of comminution, addition of ions, mechanical action, and thermal treatment. Meat products are sold either frozen, refrigerated
or heat processed. The level of heat processing is minor for some
dried products, more severe for pasteurized products and extensive for commercially sterile shelf-stable products. These factors
have an effect O!l the microstructure, cook yield a!1d rheological
properties of the product.
The purpose of this paper is to depict the many properties
of meat products that may affect microstructural characteristics.
The review of literature is selective to prevent excessive length.
Recommendations are presented for future work and precautions
to be taken in designing experiments are offered.
Factors Relevant to Processed Meat Microstructure
Meat Source
Meats derived from many sources are processed fOr human
consumption. The source and treatment of animal tissue prior
to further processing affects many product characteristics,
including microstructure. Beef, pork, poultry, fish, and lamb
are the primary species used for processed products. These
tissues can be fresh, aged , fresh frozen or mechanically deboned
prior to use in processed meat products.
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Products
The products produced are diverse in several traits. Meat may
be ut ilized as intact muscles or corruninuted to various extents
(Huffman and Cordray, 1982). In some meat products various
organs such as livers and hearts are included (Chyr et al., 1980;
Ray et al. 1981). The degree of comminution has a great impact
upon the microstructure of the finished product (Cross and Stanfield, 1976; Costello et al., 1981). Addition of various ions, alteration of pH and degree of mechanical action will affect the level
of disruption of tissue microstructure.
Mec hanically separated chicken and turkey, including skin,
is widely used to make processed, fine ly comminuted pou ltry
products. The type of machine used as well as the properties
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o f the poultry affect the chemical and structural prope rties of
mechanically separated poultry meat (Baker et a\., 1969; Angel
ct a\., 1974). In Europe, pork skin is frequ e ntly included in meat
produclS, but it is not widely utilized in the United States (Schut.
1978a, 1978b)
Tradition and consu me r acceptance play important roles in
determining the composition of various products. Certai n hams
and beef roasts contain little added water and less than five percent fat. Other meat products contain up to 20 percent added
wate r o r up to 70 percent fat . The wide di sparity in che mi cal
composi tio n of various meat products indicates that research
results from a specific experiment may be applicable to a re lati vely narrow group of products.
Heat treatment determines many of the ultimate pro perties
of a meat product. Therefore it is often necessary to exam ine
the product prior to and subsequent to heat appli cation. The
heat applied at the site of manufacture as well as the heat treatment applied by the consumer alters product properti es.
P.J.c kaging ilSelf affects appearance, y ield and palatabi lity of
a meat product. Some products arc processed in a metal mold
o r casing which is removed after heat processing and chilling.
Product is then repackaged in a moi sture a nd oxygen impermeable film. Other products may be processed in a heat stable
film o r metal can and sold direcll y to the consume r. The inte ractio n betwee n the package and the product may affec t y ie ld
as well as the convenience that the consumer has in prepar ing
the product for consumption.
Light microscopy can be used effecti vely to observe properties
of packag ing fi lms. Ham (Fig. I) and turkey brea st (Fig. 2) are
seen with the ir packaging films. Samples were embedded in
paraffin , sectioned , depamffini zed wi lh xy lene, hyd rated to
water, fi xed in pi cri c acid , rinsed in water, and sta ined with
Mayer's Hematoxy lin for 15 min. at pH 3.4.

Fig. 5 is a transmission electron micrograph of a freeze fractured
frankfurter. The sample was frozen in liquid Freon 12 at
- 150°C, fractured in a Ba lzer 301 unit , etched for 5 minutes
at - I00 °C and coated w ith carbo n-pl atinum to fo nn a replica.
The ti ssue was digested fro m the replica with chlorine bleach.
The replica was examined with a Philips 400T OJXrated at 80 kV.
The ability of machines to reduce particle size is highly dependent upon sharpness and setting of knives as well as temperature
of product. The greatest amount of co mminution , in the case
of the bowl cho pper, takes place with very sharp knives set in
close tolerance to the bowl. In the milt , knives and plates mu st
be very carefull y sharpened and matched for maximum contact.
One property that may be varied in a bowl chopper is whether
vacuum is applied. Use of vac uum during comminution affects
the ability of the knives to di srupt ti ssue microstructure. In addition, vacuum excludes air from the fini shed product. Absence
of air produces a very dense product which has different textural and structural proJXrt ies than if air were included (Solomon
and Schmidt , 1980; Wiebe and Schmidt , 1982; Tantikamjathep
et al. , 1983).
A treatment w idely appl ied in Eu rope is to pre-emul sify fat
and wate r with emulsifying protein prior to blending these materials into the final batter (Schmidt et a\., 1982). In thi s case
the fat , water and non-meat pro teins such as dried milk , modifi ed wheys or soy proteins a re utili zed to form an emul sio n in
the bowl chopper. Salt is ofte n included in the pre-emul sion to
prevent spoilage . Non-meat proteins in a pre-emulsion bind water
and fat during severe heat treatment needed for commercial
sterility of canned products. In products which have little added
fat and water this treatment may not be necessary.
Mechanical Action
Preblending is widely used to incorporate sodium nitrite,
sod ium chlo ride and water with some of the meat tissues for
24 to 48 hours prior to the manu facture of the final prOOuct (Acton and Sa ffl e, 1969). Preb lending gives meat time to combine
extensively with added ions and water prior to fin al mechanica l
action . Co nnecti ve tissue and sa rcolemma membranes inhibit
movement of ions within meat. By allowing additional time after
preblending for ions to equi librate throughout tissue, the effect
of ions on tissue is more ho moge neous. Sodium chloride and
sod ium nitrite b ind to meat proteins, but mig rate through meat
slow ly which requires adequate time and mechanical action
(Solomon et al., 1980).
Blending or mixing is widely used to di srupt tissue sufficiently to allow salt. nitrite and phosphates to inte ract with myofibril Jar proteins at the molecu lar level. The combination of ionic
strength , pH and mechanical actio n assist in disrupting the
microstructure of meat ti ss ue. This disrupted microstructure
interacts w ith the ions to cause a swelling of meat ti ssue (Offer
and Trin ick, 1983). Swelled meat ti ssue has an enhanced abi lity
to retain fat and water during heat process ing.
If large sections of meat arc to be cured and processed ,
mechanical action is applied by tumblers or massagers subseque nt to injection of pickle containing water and ions. Injection
is essentia l since io ns will not migrate extensively throughout
a large chunk of meat. Subsequently, tumbli ng and massaging
disrupt internal structure of meat tissue allowing ion migration
and e nhanc ing wate r binding capacity (The no et al. , 1978b). In

C omminution
PrOOuclS are manufactured fro m who le meat culS with or witho ut subcutaneou s fat. Other prod ucts have mu scles removed
whole and furth er sectioned into la rge portions to manufactu re
sectioned and fo rmed prod ucts o r secti ons arc reduced in size
by knife. dicer or g rinder to be processed to produce ch unked
and fo rmed produclS which have a tex tu re simi lar to intact roast
or steak. An alternat ive to g rind ing is n aki ng using a Com itrol.
The method and extent of particle reductio n as well as the sharpness of the mach ine parts can have an effect o n the appeara nce
of the particl es as well as other properti es (C hesney et a\., 1978;
Her man sson, 1980; Berry, 1980).
Extremely fin e comminution is accomplished using a bow l
choppe r or an emul sion mill. These machines break down the
fine structure of muscle and fat to c reate a homogeneous texture
for a fini shed meat product such as a wiener o r bologna. A scanning electron micrograph (Fig. 3) shows the presence of la rge
fat globules and smaller fat droplelS embedded in a protei n
matri x. T hi s photo is similar to results shown by Basga ll eta\.
(1983). Cautio n must be exercised in sample fra cturing, glutaraldehyde fixation and osmium tetrox ide fixati o n to prevent the
formation of artifacts. In addition , samples should be processed
fres h to prevent excessive contamination w ith bacte ri a w hich
may be visua lized on micrograph s as spheres with diamete rs
of approxi mately I J.Lm. Bacte ria are clearly seen in Fi g. 4.
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Fig. l. Light micrograph of commercia lly prepared ham.
The bilayer plastic lami nate package is designed to cohere
to the product. The plastic film (F) coheres to the exudate
(E) which surrounds muscle fibers (M). Bar = 1 mm.

Fig. 2. Light micrograph of commercially prepared turkey
breast. The fou r layer plastic lami nate package is designed
not to cohere to the skin . The skin (S) is cove red with a heat
coagulated exudate (E). The plastic film (F) has been dislodged during preparation. Bar = I mm .
Fig. 3. Scanning electron micrograph of commercially prepared frankfurter. The sample was fro1.cn in liquid nitrogen;
fractu red; fixed for J hou r in 3% glutaraldehyde, 0.1 m
phosphate buffer, pH 7.2; post-ftxed for 14 hours in I% osmium tetroxide, 0.1 m phosphate buffer, pH 7.2 at 4°C. The
sam ple was dehydrated in acetone, critical point dried , sputter coated in a Hummer unit , and examined on a Philips
505 SEM. Large fat globules (F) and smaller fat droplets
(S) are visible. Bar = 100 ~ m .

11.

;.~··:

Fig. 4. Scanning electron micrograph of commercially prepared frankfu r ter. Sample was frozen in liquid Freon 12;
fractured; fixed in 1% osmium tetroxide in ethanol at dry
ice temperature, - 56.6°C; critical point dried and sputter
coated. Medium size fat globules (F) are visibly coated with
some material. This product was stored for some time and
bacteria (B) are visible as 1 J.L m spheres. Bar = 10 J.L m.

Fig. 5. Transmission electron micrograph of a carbon-platinum replica of a freeze fractured surface of a frankfurter.
The major feature is a fat dro plet. Bar = I J.L m.
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add it ion, abrasion of the surface of meat chunks produces an
exudate of meat protei ns. Upon heating, thi s exudate acts as a
heat set gel to bind one meat panicle to another (Theno et al. ,
1978a,c; Siegel and Schmidt, 1979b).
The proper combination of mechanical action, ionic envi ronment , pH , and temperature are essent ial for maxi mum ti ssue
swelling and heat gelling ability (Shults et al. , 1m; Shults and
Wierbick.i , 1m; Siegel eta!., 1978a; 1978b; Siegel and Schmidt ,
1979a). An ionic strength of about 0.6, pH of 6.0 and temperature
of less than rc contribute to maximizing protein extraction
and subsequent heat set gel formation (Gillett et al., 1'177; 1982;
Trout and Schmidt, 1983).

myofibr illar proteins. The resu lting product will form a tough
skin during heat processing and be rubbery in texture. Therefore,
the optimization of product compos ition , mechanical action,
ionic envi ronment, and heat treatment are all necessary to produce a palatable meat product.
Little is known of the effect of levels of stromal proteins on
optimizing meat product texture (Saffle, 1969; Puolanne and
Ruu sunen , 1981 ; Jones et al., 1982a,b). In low fat meat products
it may be desirable to include additional stromal protein to substitute for reduced fat leve ls so as to inhibit the formation of
a rubbery texture. Non-meat proteins function in finely chopped
(Cassens et al. , lCf/5 ; Schmidt et al., 1982) , as well as sectioned
and formed meat products (S iegel et al. , 1979a; 1979b; 1979c) .
Microstructure research in the area of stromal and non-meat
proteins in meat products is cena inly warranted.

Composition
The appea rance and palatability of a meat product is greatly
affected by the level and degree of saturation of the incorporated
fat (Lee et al., 1981). Beef fat is often commi nuted to 20°C during processing. Poultry fat may be processed successfully at or
below ooc. The amount of fat di spersion during comminution
affects the ability of protein to retai n fat in the product during
heat process ing. The interacti on of the levels of fat , myofibril lar protein, non-meat ingredients, (Kempton et al. , 1982; Lauck,
1975) and the melting temperature of the fat all play an imJX>rtant
role in flavor and texture of the finished product (Helmer and
Sam e, 1963; Jones and Mandigo, 1982).
The major classes of proteins in meat are myofibrillar, stromal
and sarcoplasmic. A numbe r of model syste m studies investi gating the fat binding ability of the three classes of meat protei ns
have been completed (Grabowska and Sikorski , 1976; Randall
and Voisey, 1'177; Samejima et a\. , 1969). Studies that do not
include cooking of the emulsion are of questionable vaJ uc. Myofibri ll ar protei ns play a major role in e ntrapping fat and water
in cooked meat products (Hansen, 1960; Borchen et al., 1967;
Theno and Schmidt , 1'178) . The myos in molecules act to fo rm
a heat set matrix to entrap both water and fat (Tsa i et al., 1972;
lshi oroshi et al., 1979; 1980; Samejima et al. , 1981). Littl e is
known of the role of stromaJ and sarcoplasmic proteins in cooked
meat products (Macfarlane et al. , 1977). Heat breaks down the
major stromal protei n coll agen to gelatin . If higher leve ls of
coll agenous material a re utilized in meat products, pockets of
gelatin are for med during cooking. Thi s is espec ially true in
high fa t, finely comminuted meat products. However, little is
known of the use of higher levels of stromal protein s in low fat
meat products where the level of myofibri llar protein is more
th an sufficient for optimal fat and water binding.
Sarcoplasmic proteins do not form a rigid heat set gel at pH ,
ionic strength and temperature conditions gene rally used in processed meat. Upon heating, sarcoplasm ic proteins tend to form
a fl occu le nt. However, sarcoplasmic prote in s are important in
contributing to the color, flavor and aroma of meat products.
Ions cause swelling of meat ti ssues during product preparation . Sodium chloride and alkaline phosphates at the proper level
extract myofibrillar proteins from JX>Stmon em muscle. A lower
ionic strength can be utilized in prerigor meat. If inadequate
ionic strength and too low a pH is utili zed, the re will be a large
cook loss of both fat and wate r during heat processing (Trout
and Schmidt , 1983). ln addition , the product will have a soft
texture. A high ion ic strength applied to Jean meat during extensive mechanica l act ion may result in excessive extraction of

Future Research
Other than the work of Swasdee et al. (1982), little research
has cente red on the role of cooki ng temperature on the texture
and microstructure of meat products. Our laboratory is currently
investigating the role of binders to cause meat panicles to cohere
prior to thermal process ing. Restructured meat products must
either be cooked or sold in the raw frozen state to prevent structural disruption. It v.ould be useful to develop a binder that would
bind meat panicles together in the raw refrigerated state. As
heat would be applied another binder could function to form
a heat set gel to bind the cooked meat particles together. There
is vinual\y no research on the role of non-meat binders in raw
refrigerated meat products. Gelatin may be useful in this regard
and there is some microstructu re resea rch in this area (Lewi s,
1981) .
Most research has been done on meat products cooked to
about 80°C. As heat treatment becomes more severe (commercial sterilization) additional microstructure alteration takes place
(Schmidt et al., 1982). The effect of heat on meat protein gelation
has not been adequately invest igated. Research in the area of
thermal alteration of structure of myofibr illar, stromaJ and sarcoplasm ic protein s is needed.
Dried sausage production is extensive in many pans of the
world. Additional research is needed to understand the microst ructural changes that take pl ace during th is process. The role
of case harde ning in bloc king moisture release from products
should be investigated. New techniques of understanding the
microstructural changes in the product during drying could assist
processo rs in more uniform dryi ng of sausage products.
There are cenain questions that mu st be asked before embarking on microst ructure research of meat products. One of the
most basic questions is whether one should work on a complete
commercial product or isolate components and work on them
in a model system. Both approaches are probably valid if caution
is taken in interpreting results. It is imponant to understand that
an isolated protein may not act the same in a product when it
is interacting with physiological ions, other proteins, lipids and
othe r biochemical constituents. The re are many structural components of meat products that inhibit the free movement of ions
within ti ssue. Whe n model systems utilize purified proteins,
these inhibitors to ionic movement are removed. It may be wise
to utilize variou s isolated components and then do additional
research by combining several of these components.
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Research sho ul ' be performed in such a way as to subj ect
the material being investigated to as many of the mechanica l,
ionic and thermal reatme nts as are anticipated in the manufacture of the finished product. Ionic environment should be investigated within the range utilized in the product. Mechani cal
energy should be Lpplied in such a way as to mimic ex isting
or antic ipated ble1ders or comminuters.
Additional reseach is needed to develop methods to accurately
identify componens of processed meat products (Froning eta!.,
19iD; Coomaraswany and Flint, 1973; Cassens et al. , 1975 ; 1977;
Ray et al., 1979; BlSgall et al. , 1983). The locali zation of protein , lipid , water, atd ions within meat products would be useful
in determining fun:tionality of these components. Transmission
and scanning elecron mic roscopy as well as light mi croscopy
to accurately locaize meat product components would assist
in developing new 1roducts and optimiz ing composition of ex isting products.
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Processing effects on meat product microstructure
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developed a procedure for identi fying fat in comminuted meat
systems using serial sections and bolh SEM and LM procedures.
How might other specific components (i.e. , spec ific prote ins)
be identified on the SEM in meat systems without ser ial sectioning which may produce surface a rtifacts?
Author: The use of labeled antibodies specific to a protein may
aid in their locations. Stains specific for collagen may be used
in light microscopy.
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K.W. J ones: What is being done in the area of flu orescence
microscopy and spec ific fluorescence antibody stai ns in meat
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Author: As ment ioned in the answer to your last question, thi s
is a poss ibi lity. However, I know of no research in thi s area on
processed meat. Numerous references exist on the topic for fresh
muscle.
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F. K. Ray: Does sodium chloride and alkaline phosphates extract or solubilize myofibillar proteins? I have heard this explained both ways.
Author : The combination of pH, ionic strength and phosphate
type cause muscle tissue to swell. Mechan ical action may be
necessary to disrupt tissue sufficiently to cause protein solubility.

Wiebe WR , Schnidl GR . (1982). Effects of vacuum mixing and
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F.K. Ray: Is there an interaction between myosi n and gelatin
which affects the final bind strength of restructured meat
products?
Aut hor: 1 do not have any informati on on thi s.
It is worth
future resea rch.
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F.K. Rav: What is the difference betwee n an emu lsion and the
fin al batter of processed meat?
Aut hor: The final batter contains much more than e mul sified
fat. The heat set protein matrix binds emulsified fat , fat particles,
co nnecti ve tissue and water. The emul sion of fat may not be
of much importance in cooked meat batters.

Discussion with Reviewers
D. F. Lewis: In the ''Mec hanica l Act ion'' section, you mention
... "The combitat ion of ionic strength, pH . . assist in disrupting lhe microstncture of meat tissue." What combination of ion ic
stre ngth, pH atd te mperature is opti mal?
Aut hor: A pH )f 6.0; ionic strength of 0.6 with pyrophosphate
present and heaing from 65 °C to src a re opti ma l.
D. F. Lewis: Ac you sure sa rcopl asmic prote ins do not form a
rigid heat-set g:l'!
Author: I have not o bse rved th is during my wor k at pH 5.0 to
70.
R .J. Carroll: Vhat is seve re heat treatment of pre-e mul sion
product as di scu.sed under "Comminut ion"? How does the severe
heat treatment lelp to improve binding of water and fat? What
happen s at lowe r tempe ratu res?
Author: Si nce'teve re heat treatment for commercial ste rility
causes the great:st cook loss, lesse r heat treatment would resu lt
in eve n less lo$.
K .W. Jones: 01e of the bas ic problems with meat microstructu ral studies is Lhe lack of accurate, quantifiable tech niques.
What's bei ng dme in this area?
Author : I knov of no work in this a rea. In fact , a thorough
understanding o' distortion of material due to fixat ive tec hniques
is not yet avail:bJe.
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